INTRODUCTION
Sand mining is the process of removing sand and gravel from streams, rivers, oceans, flood plains or hills and mountains. The demand for sand and gravel has been increased for construction purposes, which causes the environmental degradation (Kondolf et al., 2008; Langer, 2003) .
Sand mining activity causes increasing turbidity which has a great effect on stream plants and animals in the river ecosystem. Fine materials which made by a sand mining process coating the leaves and directly affects the photosynthesis of aquatic macrophytes and benthic algae, for filter feeders in the water column as well as on the substrate, the solids may interfere with the filtration process. Some solids clog on to gills of fishes and invertebrates leading to asphyxiation. Deposition of silt on river bed can smother diatoms, benthic algae, macro invertebrates and fish eggs (Lake and Hinch, 1999) .
Zooplankton is a small creature; represent primary consumer in aquatic ecosystem (Majumder et al., 2015) . It plays important role in ecosystem as source of food for invertebrate Nine sites were chosen, five of them were old excavation pits and the other three new excavation pits with one (un excavation pit) in the Greater Zab river. Samples were collected at nine sites for six months, from July to December 2013. Some physical and chemical parameters were analyzed at studied sites including, water and air temperature, pH, EC, turbidity, DO, BOD 5 and TDN. The average value of the Water Quality Index based on European standard -WQI was ranged from 47% to 67%. WQI for sites 1, 3, 4, 5 and 9 fall under medium category, meanwhile, for the rest sites (sites 2, 6, 7, 8) fall under bad category. Sixty nine species of zooplankton were identified, which belonged to rotifer with fourteen families and forty four species with percentage composition of 88.17%. Rotifera forms a prominent group among the zooplankton, followed by Copepoda with one family and eleven species with percentage composition of 6.02%, then by Cladocera with four families and fourteen species with percentage composition of 5.79%. The highest density of zooplankton was obtained at site 2. According to Shanon-Weiner index, site 4 had the highest diversity. Concerning to Sorensen similarity index, the highest percentage of similarity to zooplankton community occurred between site 2 and site 4 reached to 84%.Concerning to the benthic macro -invertebrates, only three species-Limnodrilus hoffmeistern; Limnodrilus spirals; Limnodrilus claparedeianus were found. The high density of benthic invertebrate was observed at sites 1 and 2, on the other hand, zooplanktons and benthic macro -invertebrates were clearly absent at sites 6, 7, 8 and 9.
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Keywords: Sand mining, water quality, zooplankton, benthic-macro invertebrate *Corresponding Author: Jamal K. Mohammed Amin Email: jamalecology@yahoo.com predators and fish through food chain and food web (Sharma et al., 2013; Kumar and Harbhajan, 2015) . Using zooplankton as bioindicators return to their short life cycle, sensitivity and quick respond to environmental variations (Majumder et al., 2014; Ahangar and Mir, 2012) . Phyico-chemical variation of aquatic ecosystem has a great effect on zooplankton community composition, abundance, richness, seasonal variation, biodiversity that can be used as bioindicators for water quality assessment and determining their health conditions (Kadam et al., 2014; Miguel-Chinchilla et al., 2014) . During the last decade, development and rapid urbanization in Iraqi Kurdistan region raise demand for sand and gravel for construction, therefore, more activities have been done in sand mine operation around river banks, the aim of this study was to evaluate the impacts of sand mining on water quality of Greater Zab River, and to know to which extend the artificial open pet can be used as fish breeding pools.
MATERIALS AND METHODS

Description of the area
The Kalak sub-district is an open area located along the Greater Zab River west of Erbil. The Zab River is wide at this point, flowing southwest towards the Tigris River. The area is surrounded by Khabat district and Debaga village on the eastern side and Bashiryan village on the northern side. It is located at 43 o .67 07 E longitudes and 36 o .2784 N latitude and it has an elevation of 286 meters above the sea level. There are about 15 sand mining locations identified in the study area. Generally, the depth of the excavation sites (mining pits) ranged between (7 to 12m). Nine sites were studied in the study area. A Global Position System (GPS) is used to capture coordinates for the location of sampling (Table  1) .
Sample collection
Water samples were collected at nine sites for six months, from July to December 2013. Sampling usually started at 6 am. And was completed at 3 pm. Three replicate samples were collected at each of the nine sites. Water samples were collected for chemical and physical analysis from surface water (30 -40 cm depth) using pre-washed polyethylene bottle (5 Liters) by river water twice before filling, for the calculation of water quality index, thirteen important parameters were chosen, to determine WQI, the basic equation is used which is presented by Conesa (1995):
WQI= K ∑ i Ci Pi/∑i Pi
Where: K= is a subjective constant, Ci= is the normalized value of the parameter, Pi=is the relative weight assigned to each parameter and the obtained results of the equation were compared with the European Union Standard (EU, 1975) for surface water quality as shown in (Table 2 ). Zooplankton samples were taken with clean bucket. A total 50L of water sample passed through a plankton net (55μm mesh size), concentrated sample were fixed with 5% formalin in the field and preserved with 70% ethanol in the laboratory (Arimoro et al., 2007) . Benthic invertebrate samples were collected at each site by using a Surber sampler. The samples were washed by river water using sieves with 500μm pore size. In the laboratory, the samples were rewashed by tap water, and the benthic invertebrate were isolated, large benthos was picked using forceps while the smaller ones were pipette out. The organisms were sorted into their different groups and preserved in vials with 5% formalin (Zabbey, 2002) .The species diversity is calculated by the method given by Shannon and Weiner (1963) , it represented as (H): This index was calculated as:
Table1. Description of the studied sites
Where, H= Index of species diversity, S= Number of species, Pi= Proportion of total samples belonging to the i th species. The
Percentage value of Sorenson index was calculated for comparison between sites as described by (Hamayoan et al., 2003) from the following formula:
S=2J/ (a+b)*100
Where, J= Number of species occurred at both sites, a= Number of species occurred at (a) site, b= Number of species occurred at (b) site. Statistical analysis was performed using a software program (SPSS version 18). All data were treated with the one-way ANOVA (Analysis of Variance), Post hoc test (Duncan) for detecting significant difference between variables at different locations (sites) and sampling time. All data are expressed as mean ± S.E. A p-value of 0.05 was concerned as the limit of significant.
RESULTS AND DISCUSSIONS
The turbidity value ranged from 0.3 to 904.6 NTU (Table 3) . Sites 6, 7 and 8 had the higher turbidity which may be due to sand mining operations, (Rosgen, 1996) indicated that sand miming change the geomorphology by increasing sedimentation, turbidity and bank full widths. The lower value of dissolved oxygen recorded at site 2, this may be attributed to a high organic matter, and this low value coincided with the high COD and BOD 5 concentration at same period. Organic matter disposal accompanied by increase in activities of anaerobic bacteria decreasing dissolved oxygen in water (Ekhaise and Anyasi, 2005) . BOD 5 levels fluctuated between all sites and ranged between 1.0 to 9.4 mg.l -1 . The maximum level observed at sites 2 which may be attributed to the high organic matter in this site so organic matter can serve as food for the bacteria and oxygen derived from it is oxidation (Best and Ross, 1977) . Same phenomenon was observed for COD at site 2. Koushik and Saksena (1999) showed that a heavy load of organic and inorganic pollution that require more oxygen to oxidize under increased thermal conditions. Ammonia levels showed slight fluctuations throughout the studied sites. The highest value of NH 4 + was measured at site 2, this was probably related to the high organic matter in this site. The higher ammonium concentrations occurred in water polluted by sewage, fertilizers, agricultural wastes or industrial wastes containing organic nitrogen (Bartram and Balance, 1996) . Site 8 had the highest values of nitrite, nitrate and total dissolved nitrogen; this might be attributed to the nitrification process (Dodson et al., 1998) , and may be related to biological nitrification the oxidation of ammonia by nitrifying bacteria (Nitrosomonas sp. and Nitrobacter sp.) (Seike et al., 1990) . Site 2 had the highest value of TDP; this site coincided with the highest phytoplankton value observed during zooplankton counting, this probably is due to an increased in phosphate values due to the decay of dead phytoplankton (Saad, 1973) . The average of the Water Quality Index based on European standard -WQI ranged from 47% to 67% as shown in (Table 4) . WQI status in the studied sites showed that the water quality status for sites 1, 3, 4, 5 and 9 fall under medium category. Meanwhile, site 2 fall within a bad category. This site may be polluted with organic matter which represented by high values of (COD, BOD 5 , NH 4 + , TDP).On the other hand, sites 6, 7 and 8 fall under bad category, these results may be related to the high values of turbidity by sand mining activity at these three sites. Zooplankton were dominated by Rotifera with fourteen families and forty four species and percentage composition of 88.17%, followed by Copepoda with one family and eleven species and percentage composition of 6.02%, then by Cladocera with four families and fourteen species and percentage composition of 5.79% as seen in (Table 5) . Generally, total density of zooplankton in the studied sites recorded between 0 to 23100 ind./m 3 . The highest density was measured at site 2, this may be attributed to the abundance of food resources (aquatic plants and phytoplankton) as organic matter. Swar and Fernando (1980) pointed out that food is one of the vital factors which control zooplankton population. Phytoplankton is an important food resource for Rotifers (Devetter and Sed'a, 2003) . Meanwhile, they were completely absent at sites 6, 7 and 8 due to sand mining operations. Tan and Rohasliney (2013) showed that sand mining operations increase the total suspended solids which reduce food particles and clogging the feeding system of zooplankton. On the other hand, their absence at sites 6, 7 and 8 were due to the lack of aquatic plants. Aquatic plant beds serve as protective habitats for macroinvertebrates because of their spatial complexity in providing refuge, aquatic plant beds decrease predation effects, thus increasing both species richness and density of most macroinvertebrates (Gilinsky, 1984) . Also zooplanktons were not found at site 9 due to the rapid flow of river water in this site. Hynes (1970) showed that current velocity has been considered one of the main environmental factors affecting abundance and even the existence of lotic zooplankton. Rotifera forms a prominent group among the zooplankton. They comprised about 88.17% of the total zooplankton in the study area. The density of rotifera in the studied sites showed wide fluctuations in their occurrence, it was ranged from 0 to 20520 ind./m 3 . The highest density of rotifer may be attributed to the very easily transported of rotifer by water and air. As well as, to their adaptation to live in unsuitable condition, their distribution is usually regarded as cosmopolitan and many species show a world-wide distribution (Hutchinson, 1967) . Jeppesen et al., (2000) reported that rotifer species unlike most microcrustaceans can adapt to poor ecosystems in oxygen. According to Shanon-Weiner index, species diversity ranged from 0.99 to 2.60 bits/ind. The highest diversity values recorded at sites 4 and 2 (Table 6 ). Site 4 had the highest diversity which may be attributed to the favorable food resource at this site and less polluted with organic matter in comparison to site 2. Meanwhile, the minimum value of diversity recorded at site 3, it can be due to the presence high numbers of fishes at this site. On the other hand, sites 6, 7, 8 and 9 were characterized by the absence of species diversity throughout the sample collection. Concerning to Sorensen Similarity index, the highest percentage of similarity to zooplankton community occurred between site 2 and site 4 reached to 84% as seen in (Table 7) , this was probably related to high identified taxa at both sites. On other hand, the high percentage of similarity between sites 3 and 5 reached to 70%, it may be related to the water quality and nature of catchment's area.
During the present study, a total of three species-Limnodrilus hoffmeistern; Limnodrilus spirals; Limnodrilus claparedeianus recorded of benthic macroinvertebrates belonging to phylum-Annelida, class Oligochaeta and family Tubificidae. Generally, total benthic densities ranged from 30 to 694 ind./m 2 in the studied sites. The high density of benthic was observed at sites1and 2, which may be they linked to the high organic matter at both sites. Limnodrilus species was used as a bioindicator of water pollutions (Kazanci and Girgin, 1998) . Martin et al. (2008) indicated that Limnodrilus hoffmeisteri is widely used as an indicator of organic pollution. Meanwhile, the minimum value was recorded at site 9 which characterized by the rapid water current flow, this significant flow and water velocity increase may lead to a dislodgment of resident benthic fauna through physical disturbance of the substrate (Poff and ward, 1991) . On the other hand, the whole absence of benthic macroinvertebrates were found at sites 6, 7, 8, due to the sand mining operations, as well as, to the lack of aquatic plants. Miller et al. (1989) demonstrated that aquatic plant supply additional nutrients to support a diverse group of benthic macro invertebrate. Table 3 . Mean ± SE for parameters measured at selected sampling sites with minimum and maximum value. Table 4 . Water quality index in the studied sites during studied period. Liverpool University. press, 555pp.
